We investigate the spatial orientation of a homogenous sample of elongated Planetary Nebulae (PN) in order to determine the orientation of their apparent major axis respect to the Milky Way plane. We present some important geometrical considerations that may have been overlooked by the previous works on the subject. We find that there are some regions on the sky (for example the galactic center), where some correlation could exists between the orientation of the major axis of some PNe and the Galactic equator. The distribution of positions angles (PA) is quantitatively different from a random orientation of the planetaries in the Galaxy. There appear to be no clear mechanisms whereby this non-random distribution may be explained. Considering the present knowledge of PN and stellar evolution, we suggest that "extrinsic" phenomena should provide an important influence in the morphology of such nebulae.
INTRODUCTION
Since Charles Messier registered the first Planetary Nebulae (Dumbbell Nebula in Vulpecula) on July 12, 1764 until the present time, over one thousand of these beautiful objects were found in our Galaxy and much more in nearby galaxies. It is well known that PN have different shapes but, in most cases, the projection of a nebula onto the sky has a defined extension axis.
However, the study of the orientation of many kind of phenomena such as supernova remnants (Gaensler 1998) , orbits of binary systems (Brazhnikova et al. 1975) , rotation of individual stars (Hensberge et al. 1979) , has been of broad astrophysical interest. This sort of study provides information about formation, evolution and death of the stars.
The orientation of the projected major axis of the PNe was rarely studied and the results that were found are still contradictory. Shain (1956) and Gurzadyan (1958) made the pioneer works about the orientation of PN. They worked with very small samples from the Curtis catalogue (1917) and their conclusions were contradictory. Shain found that the angle between the semi-major axis of PNe and the galactic equator was small for objects with low latitudes. On the other hand Gurzadyan did not found any correlation and used this to deduce that the magnetic field could not influence the shape of PN. At the present time both papers only have a historical character.
The first works to determine spatial orientations of PN with a significant number of objects were those of Grinin & Zvereva (1968) , and Melnick & Harwitt (1974) . These works are more critical than early ones and both papers conclude that PNe are aligned with the plane. The hypothesis suggested as explanations of these non-random orientations were based in the effect of the ambient magnetic field and interactions with interstellar medium.
The works of Phillips (1997) and Corradi, Aznar & Mampaso (1998; hereafter CAM98) are the most recent papers about global PN orientation. In both cases, the images examined had high quality and the determination of PA have small errors, but they did not study the orientation of PN over a specific region of the sky. The sample of Phillips was culled from a variety of published images complemented with broad band survey plates, whereas the sample of Corradi and coworkers come mainly from three different narrow band surveys.
In this paper we take up again the investigations of the orientation of elongated PN with respect to the Milky Way plane and make a careful search of sky regions where the PNe orientations appear to have certain correlations with the Galactic plane direction. The sample was extracted from a unique catalogue in such a way that it was homogenous. The number of PNe included in this work is 355. In the selection of objects we do not consider its detailed morphology. The analysis is performed through Sections 3 to 5, the results are presented and discussed in Sections 6 and 7.
SELECTION OF THE SAMPLE
The sample was extracted from the Catalogue of Galactic Planetary Nebulae updated version 2000 (L. Kohoutek 2001) , hereafter CGPN2000. This extensive list includes 1510 true PNe. The selection criteria employed to obtain our final sample were:
1. Angular size larger than 10 ′′ .
2. Objects clearly visible in the DSS plates (surface brightness < 17 mag/arcmin 2 ).
Elongated shape.
In order to assure the homogeneity of the sample after the third criterium, the selection was made only by inspecting the images from the DSS survey plate in the red band. This band includes the main red nebular lines Hα (6563Å), [NII] λλ 6548Å 6584Å, [SII] λλ 6717Å 6731Å.
After a careful examination of more than 500 PNe in the initial list (obtained after criterium 1), we arrived to the final sample that contains 189 PNe distributed in four regions. The remaining objects were planetaries with apparent circular shape, low surface brightness or very peculiar morphology.
MEASUREMENT OF POSITION ANGLES
The position angles (PA), of the projected major axis over the sky, were measured for all the PNe included in the final sample. PA are measured following the usual convention: from the north towards the east. These angles are measured within the equatorial coordinates system so we call it EPA.
The directions of the elongated axis were estimated visually by fixing the line that better represents the long symmetry axis of the PN. The angle that this line forms with the north was the EPA. For bipolar structures the EPA was measured with respect to the direction of the outflow of the objects. The uncertainties of EPA are estimated following the criterium of CAM98: all measurements were repeated independently by two of us.
The largest difference between both measurements was 8 • . The measuring criteria are exemplified in Fig. 1 .
In spite of the fact that all previous works determined the EPA visually we tried to obtain those angles through different software approaches, but the problem was that this sort of software is still not powerful enough to extract information from noisy objects. PN are usually located in highly populated Milky Way fields and in many cases do not show structure complete at the same surface brightness. This patchy structure and the star images make the software approach still difficult.
An example of a more refined criterion of EPA measurement, constitutes an attentive comparison between the figures 1c and 1d. In spite of the fact that both objects present the characteristic belt of bipolar planetary nebulae, in the case of NGC 5189 the structures that appear in both sides of the apparent belt have not hemispherical appearance as the case shown in figure 1d . The orientation that is marked in the figure takes into account that the brilliant knot at the E of the main body external part, is of appearance totally nebular when the original image is inspected. Considering that the criterion of determination is based mainly on the external morphology, the major axis of the PN is well determined. This complex case represents a limit case where the assigned EPA could differ among researching with varying criteria.
On the other hand the values of EPA that we obtain are, in general, comparable with the values obtained in the work of CAM98 for objects present in both samples. A detailed comparison is described in section 7.
TRANSFORMATION TO THE GALACTIC SYSTEM
The EPA are measured relative to the equatorial coordinates system, in order to transform this position angle to the galactic system we need to compute the angle β which is subtended at the position of each object by the direction of the equatorial north and the galactic north.
Where δ 0 and α 0 are the equatorial coordinates of the galactic North Pole. α and b are the equatorial right ascension and galactic latitude coordinates respectively (both coordinates were extracted from CGPN2000). Then the galactic position angle (GPA) is defined as the position angle of the major axis of the apparent nebular elongation, measured from the direction of the galactic north towards the east (Table 5) .
It should be noted here that the EPA are computed in the interval [0 • , 180 • ] in the same way as, e.g., Phillips (1997) . The values are reported and used here in the same range, but some authors (e.g. CAM98) report them to the interval [0 • , 90 • ] assuming a priori a symmetric problem, in the sense that a preferred orientation of the PNe elongations very nearly to the galactic equator will be easier to detect. The problem with this treatment of the EPA is that it would blur any other preferred orientation that is not very near to the galactic equator ( Fig. 2) .
STUDIED REGIONS
The orientations for individual planetary nebulae is presented in Table 5 , which is also available on request to the authors. In order to avoid information degradation by projection effects, we did not include in our study objects with | b |> 20 • . Nevertheless, the number of objects far from the galactic plane is not statistically significative. To study the orientation of the sample, we selected four angular sectors: those defined by the galactic center and anti-center, and the perpendicular directions (Table 1) .
The regions were defined in angular range in such a way that there was enough number of objects to do a statistical analysis. But they should not be so large in angular extent that any absolute orientation respect to the galactic system would be deleted by the superposition of different projections to the observer. It must be taken into account, that the projection effects over the observer would delete the evidence of some preferred orientations if the data are compiled and analyzed as a whole set without any regard to the position respect to the observer and the galactic center. All the previous works have treated the data as a whole set, and we think that in this way important information could have been overlooked.
RESULTS
The region that shows a distribution of GPA with marked non-random characteristics is the region with center towards the galactic center. In the other regions, the low number of objects precludes detection of any clear trend. The distribution of GPA of these regions are presented in Fig. 3 .
If the distribution of the N objects of the sample in each sector were random, with the same probability of finding an elongated object with its axis towards any PA, when j angular boxes are defined in the range [0 • , 180 • ], it could be expected an average population of N/j objects per bin. The frequency of all the possible values would be an angular positions distribution, with a dispersion σ = (N/j) 1/2 . In Table 2 we show the expected average and dispersion for each region, and the number of peaks observed above 2σ and 1σ.
The calculated barycenters for each peak, determined within a window of 60 • , are summarized in Table 3 . A thorough test can be preformed by applying a simple binomial test, as proposed by Siegel (1956) and applied by Hutsemékers (1998) . It gives the probability P s that a random distribution has L s angles (of a set of N objects) in the interval [P m − α, P m + α]. In our case P m is the peak barycenter. Such probability is defined as: Table 4 shows the probability of randomness for each observed peak using α = 20 • and α = 10 • (note that when α = 20 • the probability that the right peak of region I is random, is only P = 0.016). In region I, the distribution has two peaks with a separation of ∼ 80 • (or ∼ 100 • in the opposite sense) in the directions defined by the peaks.
Following the clue provided by some similarity of the result in regions III and IV, we added the distributions found for regions I and II (Fig. 4a ) and for regions III and IV (Fig. 4b ).
The two distributions in Fig. 4b show one peak over 2σ and 1 peak over 1σ, in both cases with a peak separation of 80 • . Here the separation is considered as the minimum angular distance between both peaks. Moreover as both distributions are in opposite sides of the sky, is natural to measure the separation in opposite sense.
It should be noted that the position angles are being measured with the NESW convention, without any regard to the absolute orientation of the objects respect to the observer. Then if some absolute orientation would be common to most of the objects and considering that the observer is in the center of the sky band over which the objects appear projected, the sense of measuring of the position angles in opposite regions (e.g. I and II) should be inverted by making 180 -GPA in the opposite regions.
Amazingly, the transformation of the data in regions III+IV (Fig. 4b) gives a distribution resembling that of regions I+II: a major peak and a secondary one 80 • before.
We also carried out the Kolmogorov-Smirnov (K-S) test to have an alternative evaluation of the randomness of the observed distribution. This requires the calculation of D max : the absolute value of the maximum deviation between the observed (S N (x) with N 1 points) and theoretical (P (x) with N 2 points) cumulative distribution function (Press et al. 1992 ). The significance can be written as the following sum:
Where λ = ( √ N e + 0.12 + 0.11/ √ N e )D max and N e = N 1 N 2 /(N 1 + N 2 ) that is the effective number of data points of the samples.
This test gave us a probability, that our data follow a random distribution, of 82% for region I, 68% for region II, 97% for region III and 35% for region IV.
As an alternative we tried to perform a variation of K-S test: the Kuiper (K-P) test which is more sensible than K-S test in some kind of circular distributions.
To perform this test we have to calculate V = D + + D − , which is the sum of the maximum distance of S N (x) above and below P (x). A good approximation for the significance is:
The result that we obtained with K-P test for our region I (with the strongest signal)
is Q KP = 67%, which seems to be not a convincing one. This result lead us to think that these tests could not be fully applicable to our kind of data. Caution should be taken when applying all varieties of K-S test, because they lack the ability to discriminate some kind of distributions. For example, consider a probability distribution with a narrow notch within which the probability falls to zero. Such a distribution is of course ruled out by the existence of even one data point within the notch, but, because of its cumulative nature, K-S test would require many data points in the notch before signaling a discrepancy (Press et al. 1992 ).
To probe this kind of behavior, we generated a random distribution of 72 GPA and after that we added 10 GPA values distributed in the first bin (Fig. 6) . This distribution has a average of 9.1 GPA per bin and a dispersion of σ = 3.0. In this way, the first bin shows a signal over 3σ. Now if we apply both tests to this artificial sample we obtain the next probabilities, that this data follow a random distribution: Q KS = 17% and Q KP = 67% ( Fig. 7) . We have verified that there is no way to generate 67 cases and not even 17 cases of a 3σ peak in 100 fully random samples.
Therefore we conclude that although K-S and K-P tests are well suited to analyze non random global trends in samples, they are strongly insensitive to the presence of a local non-random feature.
DISCUSSION
We studied the orientation of all PNe of our sample (without separating it in regions) and we do not see a clear preferential orientation of long axis of PN respect to the galactic plane. This distribution of GPA is similar to that observed by CAM98. We tried to double check our results by applying our analysis to the data published by CAM98, performing a suitable analysis to take over the ambiguity of the position angles (assigned to the range
More precisely, the sample of CAM98 includes 208 objects (counting the object M2-55 in only one list); 69 of them are in both samples (the object that CAM98 put in the list of ellipticals as PC 4, is in fact PB 4); 85 are outside our four regions; 50 were not measured because they are too small; have strange morphology or circular appearance; and 4 objects are not true PN (Bl Cru, CRL 2688, M 1-91, M 1-92).
75% of the 69 objects that are in both samples, have his GPA in good agreement (±10 • ) with our measurement. Moreover, the distribution of GPA from those objects from CAM98 whose coordinates are in region I, shows a clear peak over 3 σ (Fig. 5, 48 objects) , whose barycenter is in 100 • ± 15 • , a position similar, within the uncertainties, to one of the peaks in our Fig. 3 .
The differences could be mainly caused by the fact that they employed deep narrowband images. It could be expected that the geometrical properties of the objects change as distinct ionization layers are imaged through different filters, more precisely, we think that the left peak (e.g. We 1-4) in our broad band study could be arose in the measuring of the PN equatorial belt apparent axis instead of the faint external envelope. This should not occur in the deep narrow band images of the CAM98 sample, and could explain the absence of the second peak in that sample.
In order to probe if this distribution of GPA found in the four regions has a distance modulation we considered objects statistically far and close. To do it, we separated objects in each region by its angular size (objects with great angular size were considered closer than the ones with small angular size). The results that we obtained in the four regions show that the distribution of GPA for larger PNe has the same shape than the smaller PNe.
So there is not evidence about a distance effect.
In the same sense we tried to relate the PA of the long axis of PN with respect to the Gould Belt, the plane defined by nearby stars of young population, mainly O and B stars (Cameron et al. 1994 ). The result found shows a noisy distribution of PA.
Several studies have related bipolar PNe with binary progenitors (Bond et al. 1990 ).
The antecedents about the orientations of the orbits of binary stars do not provide any comparable result. Notwithstanding it must be remarked that a thorough analysis should be made, keeping in mind the new geometric considerations carried out in this work.
FINAL REMARKS
The data on PA of planetary nebulae show that preferred orientations seem to exist.
This preferred orientations are clearer in the zones near to the galactic center, and the distribution of galactic position angles could have peaks not exactly aligned with the Milky Way plane. The PNe towards the galactic center have an orientation distribution with a peak near to the galactic plane (GP A ≃ 120 • ), with a randomness probability as small as 0.016.
Besides the conclusions hold by the results, we presented here some important geometrical and analytical considerations that have been possibly overlooked by the previous works on the subject.
There is also some suggestion in the data of some absolute preferred orientations in the Galaxy. The possible implications are of broad astrophysical interest and we hope that they stimulate more detailed studies.
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